Abstract-A novel method for spurious suppression in bandpass filter using Split-Mode Excitations (SME) is proposed. Distinct from traditional ways for spurious suppression, the proposed method uses the different excitations for six-order quarter-wavelength resonators to obtain good out-of-band performance. According to the split-mode, the proposed bandpass filter with wideband spurious suppression was designed by using three effectively excitations to produce three spurious conditions. In this way, the proposed circuit has a very small size, only amounting to 0.08 by 0.32 guided wavelength at the center frequency of 2.4 GHz. The out-of-band performance is improved easily and effectively with a rejection level better than 20 dB at least up to 20 GHz and done without using any cascaded circuits.
INTRODUCTION
Recently, the bandpass filters are particularly promising in the design of filters with compact size and superior stopband performance due to the fast development of wireless communication systems. The occurrence of spurious responses degrades the filter performance in rejecting the out-ofband interference. On the subject of the harmonic suppression of microwave bandpass filters, many forms have been proposed by several researchers. The most direct way is to use the cascaded or coupled rejection elements into the designed BPF, such as cascaded stub [1] - [3] , coupled resonators [4] - [6] , defected ground structure [7] , [8] , and lowpass filter [9] - [11] . However, the use of an additional cascaded circuit always degrades the insertion loss and increases the size of the filter, thus it is not the best way to eliminate the spurious responses.
Alternatively, by the strip-width perturbation of a microstrip line to implement the wiggly-line filter [12] , the first spurious passband of the coupled-line BPF can be suppressed. Other methods available in the literature try to minimize the difference between the even-and odd-mode velocities, or to equalize the modal electrical lengths of microstrip coupled lines. The technique of corrugated structure is designed to equalize the phase velocities of the two eigenmodes in the propagation direction [13] .
The even-mode velocity may also be speeded up by using a fractal-shaped microstrip coupled section [14] . The even-and odd-mode phase velocities of parallel coupled-line filters can be equalized by employing the Grooved Substrates [15] , but the process of fabrication may thus be complicated.
However, the filters in [13] - [15] based on the technique of modal velocities equalization can only remove the unwanted passband at 2f0.
Several approaches were proposed to push the spurious responses higher or simply to suppress these unwanted passbands. The first spurious passband may be pushed up to a higher frequency by a deformation of the line width using the SIRs [16] - [18] . Multiorder spurious-mode suppression schemes were also proposed by choosing the constitutive resonators with the same fundamental frequency, but staggered higher order resonant frequencies [19] , [20] .
In this paper, a novel method for spurious suppression in bandpass filter using Split-Mode Excitations (SME) is proposed. Distinct from traditional ways for spurious suppression, the proposed method uses the different excitations for six-order quarter-wavelength resonators to obtain good out-of-band performance. Based on the split-mode, the proposed filter adopt three effectively excitations to produce three spurious conditions, furthermore, wideband spurious suppression is obtained. In this way, the proposed configuration is designed and fabricated as a microstrip filter, and it can be easily adapted for other even uniplanar technologies. The proposed filter as show in Fig. 1 , which consists of six-order quarter-wavelength resonators. Fig. 2(a) shows the configuration of the adopted two resonators with two coupling arms connected on the 50Ω feed lines, and the equivalent circuit is illustrated in Fig. 2(b) . As we known, the two resonators at the same center frequency are equivalent to a series resonator as C and L, resulting in a passband. Moreover, the two coupling arms can produced a coupling capacitance C 0 , and the inductor coupling L 0 can be produced between coupling arm and resonator, resulting in a pair of transmission zeros beside the center frequency (f 0 ). 
DESIGN OF PROPOSED BANDPASS FILTER

A. Basic Bandpass Filter with Transmission Zeros
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B. Spurious Suppression by Using Split-Mode Excitations (SME)
According to the simple model and field analysis, many modes can be produced in the quarter-wavelength resonators. All these modes can be suppressed by using the suitable excitation. The excitation of these modes depends on the coupling locations of the feed lines. This paper adopted the different types of excitation to produce the desired multi-suppression. The operated rule of each mode is show as Fig. 4 . Fig. 4 divided as three types for suppressing (a) 3f 0 , (b) 5f 0 , and (c) 7f 0 . The choose of the excited location is considered with the three type with suitable distance due to make the suppression effectively. And the relationship of the each divided length for the three exciting types show as L 3 , L 5 , and L 7 , separately. Fig. 5 shown the current density view of the excited location for suppressing 3f0 at three frequencies as (a) f 0 , (b) 3f 0 , and (c) 5f 0 . It is obvious that, when the excitation decided according to the Fig. 4(a) , the suppression effectively occurs at 3f 0 . Furthermore, based on the split-mode, the proposed filter adopt three effectively excitations to produce three spurious conditions are shown in Fig. 6 . Furthermore, multi-suppression also can be obtained by using cascaded the different excitations in Fig. 7 . 
SIMULATION AND MEASUREMENT RESULTS
The proposed filter is designed and fabricated on an 
CONCLUSION
Distinct from traditional ways for spurious suppression, a novel method for spurious suppression in bandpass filter using Split-Mode Excitations (SME) is proposed in this paper. In this way, the out-of-band performance was improved easily and effectively with a rejection level better than 20 dB at least up to 20 GHz. Both EM simulation and experiment have demonstrated this interesting characteristic about the split-mode excitation. 
